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Cascading of input serializers boosts
channel density for digital inputs
By Frank Dehmelt, Systems Engineer Analog Products
Introduction

A new approach

Programmable logic controllers (PLCs) play an integral
role in industrial automation. They allow inputs from
digital as well as analog sensors and provide outputs to
drive actuators. The digital inputs represent a significant
share of those I/Os, accepting inputs from end switches,
proximity switches, fuel sensors, light barriers, overtemperature sensors and many others.

TI’s SN65HVS88x product family addresses these limitations and more. The digital input serializer (as the name
implies) serializes the inputs into a single SPI data stream
and reduces the number of isolators by 50%.
The resistors and LEDs shown in Figure 1 are required
by the IEC-61131-2-standard; they can be omitted for
inputs that do not require conformance with this standard.
Regardless, the integrated current limit allows use of a
lower power resistor.
The input current is fed to an output pin, which allows
to drive an external LED to indicate the current state
of the input. Without the LED, this pin simply connects
to ground.
The HVS88x family allows for the cascading of several
devices, all sharing the same SPI interface. For a 32-channel input, it still provides a four-channel isolation, saving
87% of ISO channels.
And what about power dissipation with a 32-channel
interface? We previously calculated a worst-case dissipation of 400 mW/channel totaling almost 13 W: this is too
much for a PLC slice which is about the size of a deck of
cards. The HVS88x family allows the designer to set current limitation anywhere between 200 µA and 5.2 mA.
For a type-1 or type-3 switch, choose a limit in the 3-mA
range, limiting the per-channel dissipation to 90 mW at
30 V. This reduces power dissipation by more than 75%
vs. a discrete approach.

The traditional approach
There are several types of digital inputs; the
IEC-61131-2-standard defines those most commonly used.
Traditionally, digital inputs used discrete components
and required a parallel processor interface. Current
limitation was achieved by a series of high-power resistors.
Resistor-capacitor (RC) filters reduced bouncing of
mechanical switches, while a per-channel optocoupler
connected to the parallel processor interface. This design,
however, requires bulky components, many isolation
channels, and a large footprint host controller to allow
for the parallel inputs. It also creates significant power
dissipation.
With a typical resistor chain providing about 2.2 kΩ,
the current at the nominal 24 V rises to 11 mA and results
in power consumptions of 260 mW or 400 mW at 30 V.
Considering that this dissipation may occur simultaneously
for all input channels — along with the bulky components
and the processor interface — it severely limits channel
density.

Figure 1. 8-channel digital input using HVS882 and ISO7241
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The designer can further reduce the number of external
components by using the integrated debounce filter, set to
filter pulses of less than 3 ms or 1 ms in duration. For the
fastest acquisition of glitch-free switches, bypass the filter
as well.
The parts operate from the 24-V nominal field supply
and generate the internally used 5 V themselves. This
supply is also available to drive external circuitry such as
the field side of the isolation barrier on the SPI interface.
The HVS88x family allows high-density digital inputs by
serialization, cascading, a significant reduction of power
dissipation, and elimination of external components.
Production material, samples, and evaluation boards
are available.

Table 1. The SN65HVS88x digital input serializer family
digital isolator
PARAMETER

SN65HVS880

SN65HVS882

Serialization

Yes

Yes

Cascading

Yes

Yes

Yes
(0.2 to 5.2 mA)

Yes
(0.2 to 5.2 mA)

Current Limitation
Debounce Filter

Yes
Yes
(0 ms, 1 ms, 3 ms) (0 ms, 1 ms, 3 ms)

VCC

18 V to 30 V

10 V to 34 V

Undervoltage Indicator

Yes (~15 V)

No

Yes

Yes

5-V Output

Related device

Input Voltage Range

0 V to 30 V

0 V to 34 V

ISO721 – High-speed digital isolator
www.ti.com/iso721

Temperature Range

–40°C to 85°C

–40°C to 125°C

Yes

Yes

Over-Temperature Protection

Related Web sites
interface.ti.com
www.ti.com/sn65hvs882

Figure 2. Simplified 32-channel digital input with cascading,
using four HVS88x serializers and one ISO7241 digital isolator
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the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at
any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before
placing orders and should verify that such information is current
and complete. All products are sold subject to TI's terms and
conditions of sale supplied at the time of order acknowledgment.
TI warrants performance of its hardware products to the
specifications applicable at the time of sale in accordance with TI's
standard warranty. Testing and other quality control techniques are
used to the extent TI deems necessary to support this warranty.
Except where mandated by government requirements, testing of
all parameters of each product is not necessarily performed.
TI assumes no liability for applications assistance or customer
product design. Customers are responsible for their products and
applications using TI components. To minimize the risks
associated with customer products and applications, customers
should provide adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or
implied, is granted under any TI patent right, copyright, mask work
right, or other TI intellectual property right relating to any
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products or services does not constitute a license from TI to use
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under the patents or other intellectual property of the third party, or a
license from TI under the patents or other intellectual property of TI.
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practice. TI is not responsible or liable for any such statements.
Following are URLs where you can obtain information on other
Texas Instruments products and application solutions:
Products
Amplifiers
Data Converters
DSP
Interface
Logic
Power Management
Microcontrollers

amplifier.ti.com
dataconverter.ti.com
dsp.ti.com
interface.ti.com
logic.ti.com
power.ti.com
microcontroller.ti.com

Applications
Audio
Automotive
Broadband
Digital control
Military
Optical Networking
Security
Telephony
Video & Imaging
Wireless

www.ti.com/audio
www.ti.com/automotive
www.ti.com/broadband
www.ti.com/digitalcontrol
www.ti.com/military
www.ti.com/opticalnetwork
www.ti.com/security
www.ti.com/telephony
www.ti.com/video
www.ti.com/wireless

TI Worldwide Technical Support
Internet
TI Semiconductor Product Information Center Home Page
support.ti.com
TI Semiconductor KnowledgeBase Home Page
support.ti.com/sc/knowledgebase

Product Information Centers
Americas
Phone
Internet/Email

+1(972) 644-5580
Fax
support.ti.com/sc/pic/americas.htm

+1(972) 927-6377

Europe, Middle East, and Africa
Phone
European Free Call

00800-ASK-TEXAS
(00800 275 83927)

International

+49 (0) 8161 80 2121

Russian Support

+7 (4) 95 98 10 701

Note: The European Free Call (Toll Free) number is not active in all countries. If you have
technical difficulty calling the free call number, please use the international number above.
Fax
Internet
Japan
Fax
International
Internet/Email
International
Domestic
Asia
Phone
International
Domestic
Australia
China
Hong Kong
India
Indonesia
Korea
Fax
Internet

+(49) (0) 8161 80 2045
support.ti.com/sc/pic/euro.htm

+81-3-3344-5317

Domestic

0120-81-0036

support.ti.com/sc/pic/japan.htm
www.tij.co.jp/pic

+886-2-23786800
Toll-Free Number
1-800-999-084
800-820-8682
800-96-5941
+91-80-41381665 (Toll)
001-803-8861-1006
080-551-2804
+886-2-2378-6808
support.ti.com/sc/pic/asia.htm

Malaysia
New Zealand
Philippines
Singapore
Taiwan
Thailand
Email

Toll-Free Number
1-800-80-3973
0800-446-934
1-800-765-7404
800-886-1028
0800-006800
001-800-886-0010
tiasia@ti.com
ti-china@ti.com

C010208

Safe Harbor Statement: This publication may contain forwardlooking statements that involve a number of risks and
uncertainties. These “forward-looking statements” are intended
to qualify for the safe harbor from liability established by the
Private Securities Litigation Reform Act of 1995. These forwardlooking statements generally can be identified by phrases such
as TI or its management “believes,” “expects,” “anticipates,”
“foresees,” “forecasts,” “estimates” or other words or phrases
of similar import. Similarly, such statements herein that describe
the company's products, business strategy, outlook, objectives,
plans, intentions or goals also are forward-looking statements.
All such forward-looking statements are subject to certain risks
and uncertainties that could cause actual results to differ
materially from those in forward-looking statements. Please
refer to TI's most recent Form 10-K for more information on the
risks and uncertainties that could materially affect future results
of operations. We disclaim any intention or obligation to update
any forward-looking statements as a result of developments
occurring after the date of this publication.
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